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We compared the E-test to the broth microdilution method for testing the susceptibility of 115 clinical
isolates of Acinetobacter baumannii to colistin. Twenty-two (19.1%) strains were resistant to colistin and 93
(80.8%) strains were susceptible according to the reference broth microdilution method. A categorical agree-
ment of 98.2% was found, with only two (1.7%) very major errors. Agreement within 1 twofold dilution between
the E-test and the broth microdilution was 16.5%. Complete agreement was found for the strains for which
MICs fell within the range of 0.25 to 1 �g of colistin/ml. However, there was poor concordance, particularly in
extreme dilutions with higher MICs by the E-test method.

Acinetobacter baumannii has emerged as an important nos-
ocomial pathogen (3), particularly for patients admitted to an
intensive-care unit. Treatment of these infections is often dif-
ficult, because clinical isolates of A. baumannii are generally
resistant to multiple antibiotics (7, 10, 13).

The clinical use of polymyxins has been limited to topical
formulations for the treatment of several diseases, and they
have been used prophylactically for the prevention of infection
in neutropenic or cystic fibrosis patients (5). Recently, the
potential therapeutic indication for the parenteral use of poly-
myxins has been restored for the treatment of multidrug-resis-
tant Acinetobacter sp. isolates causing life-threatening infec-
tions (9, 12).

The in vitro (1, 4) and in vivo activities of colistin (polymyxin
E) suggested that it would be an effective antimicrobial agent
against A. baumannii (6, 9, 11, 12, 18). However, some poly-
myxin-resistant strains have been reported (15, 16).

Problems in performing in vitro colistin susceptibility testing
of this organism have also been encountered. The disk diffu-
sion method has been found to be inaccurate and not repro-
ducible for the testing of A. baumannii (8). Agar dilution and
broth microdilution (BMD) are the currently recommended
susceptibility test methods for this organism, but they are cum-
bersome to perform and impractical to implement as routine
tests in many clinical laboratories (8, 14).

The E-test (AB Biodisk, Solna, Sweden) has been reported
to be a simple and accurate alternative method for determining
the antimicrobial susceptibilities of various microorganisms,
including fastidious bacteria, although no experience with this
method for testing the susceptibility of A. baumannii to colistin
has yet been reported. We evaluated the accuracy of the E-test,
compared to that of the BMD reference method, for testing
the susceptibility of A. baumannii to colistin and its reliability
for the detection of colistin resistance in clinical isolates of A.
baumannii.

(Part of this work was presented at the 13th European Con-
gress of Clinical Microbiology and Infectious Diseases, Glas-
gow, United Kingdom, 10 to 13 May 2003 [2].)

A total of 115 clinical isolates of A. baumannii for which a
wide range of colistin MICs (0.03 to 512 �g/ml) had been
found were studied. They were randomly chosen during the
past 7 years and originated from several sources: blood cul-
tures (31 isolates), bronchial aspirates (23 isolates), cerebro-
spinal fluids (15 isolates), carriage controls (12 isolates),
wound infections (12 isolates), skin ulcers (9 isolates), cathe-
ters (7 isolates), surgical drains (2 isolates), conjunctival exu-
date (1 isolate), nasal exudate (1 isolate), peritoneal fluid (1
isolate), and an intraabdominal abscess (1 isolate). A. bauman-
nii was identified by Gram stain appearance, colonial morphol-
ogy, motility, cytochrome oxidase reaction, and growth at 44°C,
as well as by the semiautomated MicroScan Walk Away
method (Dade-Behring). All the strains were confirmed as A.
baumannii by amplified ribosomal rRNA gene restriction anal-
ysis (ARDRA) (17). The isolates were stored at �70°C until
the susceptibility testing assays were performed. Escherichia
coli ATCC 25922 (�-lactamase negative) was included as a
quality control (QC) strain in both susceptibility testing meth-
ods.

Colistin sulfate powder was obtained from Sigma Chemical
Co. (St. Louis, Mo). Susceptibility testing by BMD with cation-
adjusted Mueller-Hinton broth (BBL-Becton Dickinson) was
carried out in accordance with NCCLS guidelines and was
used as the reference method (14). Briefly, inocula were pre-
pared by suspending colonies from overnight growth plates in
5 ml of sterile saline to match the turbidity of a 0.5 McFarland
standard for a final inoculum of 5 � 105 CFU/ml. Colistin
concentrations from 0.015 to 1,024 �g/ml were tested in mi-
crotiter trays. The MIC was defined as the lowest concentra-
tion with which no growth was visible after incubation of plates
at 35°C for 16 to 20 h.

MICs were determined by the E-test method according to
the manufacturer’s guidelines (AB Biodisk). A suspension of
each isolate in Mueller-Hinton broth, adjusted to the density of
a 0.5 McFarland standard, was swabbed in three directions to
ensure uniform growth onto Mueller-Hinton agar plates. Once
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the agar surface was completely dry, an E-test colistin strip
(ranging from 0.06 to 1,024 �g/ml) was applied to each plate
with sterile forceps, and the plates were incubated at 35°C for
16 to 20 h. The MIC was read where inhibition of growth
intersected the E-test strip. When small colonies grew within
the zone of inhibition or a haze of growth occurred around
MIC end points, the highest MIC intersect was recorded. For
comparison of the results of the two methods, E-test MICs
were rounded up to the next higher twofold dilution. Because
0.06 �g/ml was the lowest colistin concentration tested by the
E-test, reference MICs of �0.03 �g/ml were recorded as �0.06
�g/ml to ensure equal precision in comparison of the two
susceptibility testing methods. The two susceptibility tests were
performed simultaneously.

Because NCCLS documents do not provide interpretative
criteria, a �4-�g/ml colistin concentration was used as the
breakpoint to designate resistant isolates (8). Agreement be-
tween the two methods was defined as MICs that differed by
�1 log2 dilution or less. Categorical agreement was defined as
test results within the same susceptibility categories. Errors
were ranked as follows: very major error, the reference method
result was resistant and the E-test result was susceptible (false-
susceptible result); major error, the reference method result
was susceptible and the E-test result was resistant (false-resis-
tant result). The usefulness of the E-test method (sensitivity,
specificity, positive and negative predictive values) for the de-
tection of colistin resistance in clinical isolates of A. baumannii
was also evaluated.

All 115 strains classified by phenotypic and growth tests as A.
baumannii or Acinetobacter haemolyticus were identified as A.
baumannii (genomospecies 2) by the ARDRA genotypic
method. Twenty-two (19.1%) out of 115 A. baumannii strains
were resistant to colistin, and the remaining 93 (80.9%) strains
were susceptible, by the BMD reference method. MICs for the
E. coli QC strain were within the established reference MIC
range (0.125 to 0.5 �g/ml), with values of 0.25 (by the BMD
reference method) and 0.5 �g/ml (by E-test).

FIG. 1. Scattergram results comparing colistin MICs determined by the E-test with those determined by the BMD reference method (n � 115).
The diagonal black line represents complete agreement, and the numbers represent the occurrences observed at each point. The broken lines
represent �1-log2 MIC agreement limits between test results. Horizontal and vertical broken lines indicate the resistant MIC breakpoint (�4
�g/ml).

TABLE 1. Distribution of differences in MICs of colistin against
115 A. baumannii isolates by the E-test versus the BMD

reference method

No. of isolates with a MIC differencea of: % Agreement within
1 log2 dilution��2 �2 �1 0 �1 �2 	�2

5 4 6 6 7 24 63 16.5

a Expressed in log2 dilutions.
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The colistin MICs at which 50 and 90% of isolates were inhib-
ited were 0.06 and 32 �g/ml, respectively, by BMD and 0.5 and 16
�g/ml, respectively, by E-test. Agreement within 1 twofold dilu-
tion between the E-test and the BMD reference method was
16.5% (19 of 115 strains). The worst agreement was found mainly
with strains for which MICs ranged from �0.06 to 0.25 �g/ml and
from 64 to �1,024 �g/ml by the reference method. This fact could
be related to the poor diffusion of polymyxins in agar (8). The
distribution of differences in MICs determined by the two meth-
ods is presented in Table 1. A scattergram comparing E-test
MICs with MICs determined by the BMD reference method (Fig.
1) showed a trend toward higher MICs by the E-test method in
extreme dilutions, particularly at low concentrations. Complete
agreement was found with the strains for which colistin MICs
were within the range of 0.25 to 1 �g/ml.

The E-test was read according to the manufacturer’s instruc-
tions, which specified reading at the point of complete inhibi-
tion of all growth, including hazes. However, the MICs ob-
tained by the reference method were significantly nearer to the
reading point excluding hazes. This phenomenon was present
only for 9 out of 22 resistant strains, and the hazes were
cultured and incubated for 4 days with no growth resulting.

All 93 (100%) strains defined as susceptible by BMD were
determined to be susceptible by the E-test. The E-test classi-
fied as colistin resistant 20 (90.9%) of the 22 strains defined as
resistant by BMD. Overall, two very major errors were found
(1.7%), but no major error was detected. The sensitivity of the
E-test was 90.9%, and its specificity was 100%; the positive and
negative predictive values were 100 and 97.8%, respectively.

The objective of the study was to assess the accuracy of the
E-test, compared with that of the BMD method, for testing the
susceptibility of A. baumannii to colistin and its reliability for
the detection of colistin resistance among clinical isolates of A.
baumannii. The E-test was a useful method for the categori-
zation of clinical A. baumannii isolates, showing a concordance
of 98.2% with BMD, due to the fact that two very major errors
were found (1.7%). Therefore, we suggest that E-test results
should be confirmed by a dilution method, especially when
colistin use is required for the treatment of serious systemic
infections caused by A. baumannii and when the MIC is de-
termined to be 1 to 2 �g/ml, a range where we have found the
two very major categorical discrepancies.

Garnacho-Montero et al. (9) demonstrated that intravenous
colistin was as effective as imipenem in an open evaluation of
the treatment of 21 episodes of ventilator-associated pneumo-
nia caused by multidrug-resistant A. baumannii. Jiménez-Me-
jı́as et al. (11) reported successful treatment of a case of mul-
tidrug-resistant A. baumannii meningitis by using intravenous
colistimethate. Colistimethate was the only antibiotic to which
the A. baumannii strain was susceptible (MIC, 0.3 �g/ml).
These two studies show the clinical correlation of the two
susceptibility tests in the detection of colistin resistance in A.
baumannii clinical isolates, because all the strains isolated in
both studies are included in our report.

In summary, the results of the present study suggest that the
E-test could be a reliable and suitable alternative to the refer-
ence method for the detection of colistin resistance in A. bau-
mannii clinical isolates by clinical laboratories. However, the
poor agreement found for the susceptible strains for which
MICs were lower deserves additional consideration in relation

to the pharmacokinetics and pharmacodynamics of colistin in
the treatment of severe infections.

This work was partially supported by a research grant from the
Consejerı́a de Salud de la Junta de Andalucia, Seville, Spain (13/02),
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